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Summary 
There is convincing epidemiological evidence for a strong hereditary component o hand osteoarthritis (OA). For example: (1) greater 
concordance for hand OA in monozygotic than in dizygotic twins, the estimated proportion of variance xplained by genetic factors being as 
high as 0.59; and (2) a substantially increased risk of hand OA in first-degree relatives (siblings, parents, offspring) of subjects with hand OA. 
Such evidence clearly justifies a search for the genes involved. 
However, gene association studies in genetically complex polygenic onditions uch as OA present many problems, including case 
definition, late age of pi'~enotype expression and adjustment for other constitutional nd environmental risk factors. Nevertheless, association 
studies of affected sibling pairs and nuclear families, using candidate gene and genome wide screening and transmission disequilibrium 
testing, suggest no association with candidates uch as COL2A1 (responsible for some rare monogenic syndromes of premature 
generalized OA) but possible associations, currently not isolated, on chromosome 2q. 
Such ongoing work and subsequent gene-gene and gene-environment interaction studies are likely to give important, perhaps 
unexpected, insights into the pathogenesis of hand OA. © 2000 OsteoArthritis Research Society International 
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Evidence for familial predisposition 
There are three standard strategies to determine genetic 
risk of disease through family studies: 
(1) Classic twin study. Comparing concordance for dis- 
ease in monozygotic and dizygotic twins, the higher 
concordance in monozygotic twins supports a genetic 
influence, the size of which can be estimated by 
modeling techniques to explain the proportion of 
variance observed. 
(2) Relative risk in siblings. A higher prevalence of dis- 
ease in siblings of affected probands (i.e. those 
exposed to genetic predisposition) than in the normal 
population (unexposed controls) supports a genetic 
influence, the size of which is reflected by the relative 
risk incurred. 
(3) Familial aggregation. A higher prevalence of disease 
in first-degree relatives (siblings, parents, offspring) of 
affected individuals than in the normal population 
supports a genetic influence, with segregation analy- 
sis suggesting the possible mode of inheritance. 
All three strategies have been used to confirm that the 
development of Heberden's nodes and hand osteoarthritis 
(OA) is under strong genetic influence. 
AUK twin study I of 130 identical and 120 non-identical 
female twins unselected for OA has shown significant 
differences in intraclass correlations between monozygotic 
and dizygotic twins for Heberden's nodes (0.49 vs 0.24) 
and for total radiographic hand osteophyte and narrowing 
(0.62 vs 0.24, adjusted for age and weight); the most 
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significant difference was for osteophyte at the first car- 
pometacarpal joint (0.62 vs 0.13). From this study, the 
estimate of proportion of variance for radiographic hand OA 
explained by genetic factors was high at 0.59 (95% CI 
0.49-0.70; adjusted for age and weight). Classic twin 
studies have certain caveats and considerations, including 
possible ascertainment bias with over-representation of 
monozygotic and concordant twins, a possibly unfounded 
assumption that the shared environment is similar in 
monozygotic and dizygotic twins, and differences in early 
fetal environment hat may influence subsequent disease 
development (unlike dizygotes, most monozygotes share 
the same placenta and chorion). 1,2 Nevertheless, this large 
study, though having no information on men, suggests 
strong heritability of nodes and hand OA in women, 
especially at the thumb base. 
Stecher was the first to study the relative risk of OA in 
siblings. He found that sisters of female probands with 
Heberden's nodes were three times more likely than 
expected to have Heberden's nodes once they were into 
their fifth decade. 3 Similar estimates were later reported by 
Kellgren et aL 4 Recently a US community study s that did 
not select families on the basis of OA has confirmed sib-sib 
correlations for radiographic OA at distal and proximal 
interphalangeal joints and at the first carpometacarpal joint, 
as well as for polyarticular OA (hand plus knee OA) after 
adjusting for age, gender and body mass index (R=0.33- 
0.81). Familial aggregation for hand and knee ('general- 
ized') OA has also been reported in 337 nuclear families 
with two parents and at least one biological adult offspring 
recruited from the Framingham prospective cohort study. 6 
tn this study sibling-sibling and parent-offspring correla- 
tions for the number of hand joints and knees affected 
(based on the standardized residual of OA after adjusting 
for age, gender, body mass index and physical activity) 
ranged from 0.115 to 0.306. Using segregation analyses, 
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Fig. 1. Difference in relative risk of disease causation between uncommon single major genes and more frequently occurring polygenes that 
may be involved in common complex disorders such as OA. 
the best fitting inheritance pattern was a recessive gene 
with a residual multifactorial component representing either 
other multiple genes or environmental factors. 6 
Such evidence for a strong hereditary predisposition to 
hand OA clearly justifies a search for the genes involved. 
Determination of genetic associations 
Association studies of genetically complex common dis- 
orders such as OA present a number of difficulties. Unlike 
monogenic disorders, where a single major gene is suf- 
ficient to cause disease, it is likely that multiple common 
genes each contribute a small increased risk either indi- 
vidually or by interaction with each other or with environ- 
mental factors (Fig. 1). To identify frequently occurring 
polygenes requires a large number of study subjects. Other 
problems specific to OA include: 
• Definition of affected and unaffected individuals. Should 
OA be treated as a continous variable or should we 
dichotomize into case and non-case? Should case defi- 
nition be based on presence of Heberden's nodes, radio- 
graphic OA, or both? How many nodes or interphalangeal 
joints with radiographic OA make it 'generalized' OA? 
Should we analyse for different patterns of joint 
involvement; e.g. first carpometacarpal joint vs distal 
interphalangeal joint involvement? 
• Late age ofphenotypic expression. This makes it hard to 
classify individuals as unaffected unless they are elderly. 
It also makes it hard to obtain parents of affected 
individuals for extended family study. 
• Adjustment for other risk factors. Multiple factors predis- 
pose to OA, and involvement of one or a few hand joints, 
for example due to trauma, is extremely common. 
The principal strategy that has been used to identify 
possible genetic associations in OA is analysis of affected 
sibling pairs using either a candidate gene or genome-wide 
screening approach. This avoids some of the above prob- 
lems but has the drawback of requiring a very large number 
of families to confirm a definite finding. Associations 
found by this means can more efficiently be confirmed 
by transmission disequilibrium testing (TDT) in affected 
offspring-parent (affected or unaffected), or affected 
sibling-unaffected sibling pairings, although these family 
compositions are harder to find and characterize. Such 
family studies are largely replacing the older, simpler 
strategy of comparing the frequency of candidate genes 
in unrelated affected subjects with that in unaffected 
controls, 7'8 since spurious findings are less likely. 
Sibling pair analysis has been reported on 66 affected 
pairs characterized with polyarticular interphalangeal OA 
and nodes on at least two rays of each hand, with or 
without large joint involvement. 9This study identified poss- 
ible linkage to a region on the short arm of chromosome 2, 
a finding subsequently confirmed in a further 249 individ- 
uals from 90 families characterized in the same way (Wallis 
et al., unpublished data). Study of such common nodal OA 
subjects has found no association With the COL2A1 gene 1° 
implicated in rare families with premature polyarticular OA 
and mild chondrodysplasia inherited as a monogenic 
disorder. 11 Previously reported associations with HLAA1 B8 
and the MZ phenotype of ~ 1-antitrypsin, derived through 
more problematic comparisons between unrelated nodal 
OA and control subjects, 7 were also not found. A single 
report has suggested the occurrence of genetic anticipation 
(disease occurring at an earlier age in subsequent gener- 
ations, with increasing severity) in families with nodal OA.  12 
Should this observation be confirmed it would support a 
search for trinucleotide tandem repeats as the molecular 
mechanism that moderates this phenomenon. 
Collaborative multicentre studies using affected sibling 
pair analysis and TDT are currently underway to identify the 
genes that associate with hand OA and subsequently to 
study gene-gene and gene-environment interactions. 
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